We have demonstrated by recombination of two highly pathogenic avian influenza viruses [A/FPV/Rostock (HaviNg) × A/turkey/England/63 (HaviNay3)] that recombinants can be isolated which are pathogenic as well as nonpathogenic for chickens. They carried the glycoproteins of either parent strains, and all are produced in infectious form in chick embryo cells. Genetic analysis revealed that the non-pathogenic recombinants possess a mixed RNA polymerase complex, consisting of pol t, pol 2, ptra and NP gene products, while, with one exception, the pathogenic recombinants have the genes coding for the polymerase activity from one or other parent virus. The biological properties of the recombinant viruses did not correlate with their pathogenicity for chickens.
INTRODUCTION
In influenza viruses evidence has been presented for a polygenic nature of virus pathogenicity (Fraser, ~959; Kilbourne et al. 1971 ; Mayer et al. r973; Rottet al. I976) . Genetic analysis of a large number of'recombinants' with a single gene exchange have revealed that an exchange of any RNA segment or gene can modify pathogenicity. The pathogenic properties of a recombinant are determined by the virus strain from which the corresponding gene was derived as well as by the gene which was re-assorted (Scholtissek et al. 1977 )-As a rule, recombinants carrying defined multiple gene exchanges produce less severe signs of clinical illness when a greater number of genes have been exchanged (Florent et al. I977; Oxford et al. 1978; Rott et al. t978) . These data indicate that an optimal constellation of all genes is required to produce a genome of a highly pathogenic virus. If this is correct it has to be expected that recombination between highly pathogenic parent strains will result in non-pathogenic progeny viruses besides pathogenic ones. Investigations to assess this possibility are presented in this paper.
METHODS
Virus strains. The avian influenza viruses A/FPV/Rostock (Hav lNi) = FPV strain and A/turkey/England/63 (HavJNav3) = turkey strain were used for the production of recombinants. Both strains were plaque-purified prior to the recombining infection.
Cell cultures and plaque assays. Primary chick cells (CEC) prepared from It-day-old embryos were used in all studies 24 h after seeding at a density of about 5 × lOS cells in plastic Petri dishes of 5 cm diam. Plaque assays were described by Klenk et al. (I972) .
Production of recombinants. These were obtained after double infection of CEC with a multiplicity of about to to 50 of each virus strain. The virus yields I5 h p.i. were diluted 
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were heated at 80 °C for lo min in the presence of x % formaldehyde in I × SSC prior to RNase digestion (Scholtissek et al. I976) .
RESULTS

Biological characterization of parent viruses and the recombinants
A summary of the results on the biological properties of the parent virus strains used and the isolates obtained after double infection in vitro is given in Table I and Fig. I . The identification of these isolates as recombinants is demonstrated below.
The plaque size and appearance were in most cases similar to the plaques formed by the parent virus strains. Plaques formed by the recombinant viruses 6, Io, I5, I9, 20 and 24 are turbid in contrast to the clear ones of the parent viruses. In spite of intensive plaque purification by passage of large plaques, the virus population of recombinant 22 split after each plaque passage into large and clear as well as into small and turbid plaques, and the recombinant 23 split into large clear and large turbid plaques.
The mean chick embryo death time was prolonged significantly with most of the recombinants. The p.f.u./HA ratios of the recombinants after growing in chick embryos is generally in the range of the parent viruses. The neuraminidase of the isolates as determined by the NA inhibition test was derived either from FPV or the turkey strain, which was in accordance with the genetic data ( Table 3 ). The enzyme activity differed only slightly between the parent and the recombinant viruses. Exceptions are the recombinants 12 and 14 which possessed relatively little neuraminidase activity. These two recombinants are isogenic in any case (see Table 3 ).
Single cycle growth curves in CEC of the recombinants revealed no significant differences in the time course of the appearance of newly synthesized viruses, although differences were observed in the final virus yields (Fig. I) .
Pathogenic properties of the recombinants
Eleven out of 24 isolates were pathogenic for adult chicken (Table i) . Compared with the parent virus strains, these I I isolates killed the birds after equal or a prolonged incubation time following intramuscular inoculation. The chickens had the clinical signs and pathological lesions typical of fowl pest. A correlation between the biological differences and pathogenicity of the recombinants was not observed. The isolates I2 and 14 exhibited an unexpected variation in the mean death time, although they are isogenic (see Table 3 )-This is possibly due to the fact that they have a low neuraminidase activity, which might influence the spread of the virus in the organism. Surviving chickens produced significant antibody titres against the surface components of the infecting recombinants in the HA and the NA inhibition tests.
Gene constellation of the recombinants The two parent strains are highly related genetically in all genes except for the neuraminidase gene. As shown by heating of the hybrid RNA molecules in the presence of 1% formaldehyde to 8o °C, the genes coding for NP, M and NS are almost identical in their base sequence (Table 2) . Most of the recombinants grew to sufficiently high titres in CEC to yield enough cRNA for hybridization. The titres of the isolates 5, 6 and 2o, however, were so low that gene analysis had to be omitted. The data on the gene constellation of the isolates are summarized in Table 3 . Two of the randomly picked isolates (2 and 21) turned out to be identical with the turkey parent strains. The other isolates exhibit a broad spectrum of a mixed gene constellation. It is obvious, however, that the pathogenic recombinants, with the only exception of recombinant I I, have all the genes coding for the polymerase * The homologous hybridization was taken as ioo%. Pol i, ptra and pol 2 correspond to the genes coding for the P-proteins and form together with the nucleoprotein (NP) the polymerase complex. HA is the haemagglutinin gene, NA the gene coding for the neuraminidasc, M that coding for the matrix protein, and NS is the gone coding for the non-structural protein (Scholtissek et aL I978b T  T  T  T  T  T  T  T  21  +  T  T  T  T  T  T  T  T  8  +  T  T  T  T  T  T  F  T  t8  +  T  T  T  T  T  T  F  T  tl  +  T  T  F  T  F  T  T  T  t2  +  T  T  T  F  T  F  F  T  14  +  T  T  T  F  T  F  F  T 
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* For the nomenclature of the genes see legend of Table 2. 475 complex derived either from the one or the other parent virus. In recombinant I l, pol I and ptra genes are derived from FPV, and po12 and NP genes from the turkey strain. The nonpathogenic recombinants have the pol I, pol 2, ptra and NP genes mixed from both parent viruses without exception. Recombinants 9, I9 and 22 exhibit different plaque morphologies (Table I) although they have the same gene constellation. As already mentioned, recombinant 22 still splits into two different plaque variants, a small turbid one, like recombinant I9, and a larger clear one, like recombinant 9-An explanation for this behaviour is not yet available.
DISCUSSION
Non-pathogenic isolates could be obtained after recombination between two parent avian influenza viruses which are both highly pathogenic for chicken. These isolates were collected by picking plaques at random without any selection pressure. As shown by the hybridization technique all of the non-pathogenic isolates and most of the pathogenic ones turned out to be recombinants. The biological properties including the mean death time of chick embryos and growth rates in cell cultures neither correlate with each other nor with their pathogenic properties.
Since both parent virus strains used contain a cleavable haemagglutinin and produce plaques in CEC (Bosch et al. I979) , it is not surprising that the recombinants possess the haemagglutinin derived either from FPV or the turkey strain. Consequently, these recombinants are produced in CEC in an infectious form. In previous experiments with fowl plague virus recombinants it was demonstrated that pathogenic recombinants always possess the cleavable haemagglutinin of FPV independent of their genome composition (Scholtissek et al. I977 ). On the other hand, the surface glycoproteins alone do not determine pathogenicity (Fraser, i959; Kilbourne et al. I97~; Mayer et al. 1973; Rott et al. 1976 ). Our observations are in accordance with these findings and they indicate that in recombinants produced in vitro there is no correlation between the structure of the haemagglutinin and pathogenicity.
